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(Thysanoptera: Thripidae) in Pepper Flowers
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ABSTRACT We compared predation of Orius insidiosus (Say) on adult and second instars of
Frankliniella occidentalis (Pergande) andon adults ofF. occidentalis andF. tritici (Fitch) in arenaswith
pepper ßowers. Also, we compared the dispersal of these thrips in the presence and absence of the
predator. For each experiment, two densities of thrips (10 and 20 total thrips) and two time exposures
(10 and 34 h) were tested. Second instars were more likely to move from the ßower where they were
released than were F. occidentalis adults. F. tritici dispersed more than F. occidentalis. The presence
of the predator enhanced movement by thrips from ßowers in which they were released. Despite
differences in preymovement,O. insidiosus successfully preyed on all types of prey that were offered.
However, O. insidiosus appeared to deal differently with each type of prey. Predation of both larvae
and adults was most likely to occur inside ßowers. In trials with adults and second instars of F.
occidentalis, larvaewere signiÞcantlymorevulnerable topredation thanwereadults.F. tritici, themore
active species, may have been vulnerable to predation because of higher rates of encounter with the
predator; however, O. insidiosus may have had greater attack success against the less active F.
occidentalis. The ability ofO. insidiosus to prey successfully ondifferent life stages and species of thrips
in complex environments indicates that it is an efÞcient predator of thrips and an important biological
control agent.
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GENERALIST ARTHROPOD PREDATORS ARE able to feed on
a variety of prey, but are likely to showpreferences for
certain types of prey. Although these preferences can
have profound implications for biological control,
much remains tobeknownabouthowgeneralist pred-
ators select their prey (Coll and Ruberson 1998).
Some generalist predators have a genetically heritable
preference toward particular prey, but are able to
switch to alternative prey when their preferred prey
are scarce (Saint-Cyr and Cloutier 1996). Some gen-
eralist predators feed preferentially on particular prey
because those prey occur in the predatorÕs preferred
habitat, and hence are more likely to be encountered
by the predator (Cloutier and Johnson 1993). Other
generalist predators select prey not because of nutri-
tional superiority, but because of the vulnerability of
the prey to predation (Lang and Gsödl 2001). This
factor may be critically important when predators

encounter prey that are morphologically similar but
differ in behavior.

Generalist predators of the genus Orius (Heterop-
tera: Anthocoridae) feed on a variety of prey, but they
have a preference for ßower thrips (Thysanoptera:
Thripidae). Based on Þeld observations of predation,
Salas-Aguilar and Ehler (1977) suggested that thrips
are the preferred prey of Orius tristicolor (White).
This observed preference may be driven more by the
predator andprey having overlapping habitats than an
inherent prey preference (Cloutier and Johnson 1993,
Hansen et al. 2003). Even so, species of Orius are
effective predators of thrips in Þeld and greenhouse
crops, where they are important biological control
agents (vandenMeiracker andRamakers 1991, Sabelis
andVanRijn 1997, Funderburk et al. 2000, Ramachan-
dran et al. 2001). Yet little is known of how species of
Orius respondwhen encountering different life stages
or species of thrips in ßowers. In no-choice tests,
species such asO. insidiosus (Say) andO.minutus (L.)
typically consume more thrips larvae than adults
(Isenhour and Yeargan 1981, Lichtenauer and Sell
1993). Also, in no-choice tests, Fritsche and Tamo
(2000) found that O. albidipennis (Reuter) consume
more larvae of Ceratothripoides cameroni (Priesner)
than of Megalurothrips sjostedti (Trybom), but they
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did not observe a corresponding preference between
these species in choice tests.

A complex of thrips species in the genus Fran-
kliniella, includingF. occidentalis, F. tritici (Fitch), and
F. bispinosa (Morgan), occurs in north Florida (Chel-
lemi et al. 1994, Toapanta et al. 1996, Funderburk et al.
2000, Ramachandran et al. 2001), and their manage-
ment is a key concern for vegetable producers. O.
insidiosus is a key natural enemy of these species
(Funderburk et al. 2000), but how this predator in-
teracts with different life stages or species of these
thrips is poorly known. Understanding the efÞciency
of O. insidiosus as a predator of these thrips and the
behavioral interactions that occur between predator
and prey can provide important insights on thrips
dynamics at larger ecological scales and a better un-
derstanding of how tomanage pest thrips. Ramachan-
dran et al. (2001) showed that local movement of F.
occidentalis among pepper ßowers (Capsicum anuum
L.) is limited, whereas F. tritici move rapidly between
pepper ßowers. This assertion regarding differential
movement was corroborated by Hansen et al. (2003),
who showed that F. occidentalis is less active than F.
tritici. Although O. insidiosus may not have any pref-
erence among life stages or species of thrips, the mo-
bility of thrips may affect their vulnerability to pre-
dation. Therefore, F. occidentalis could be more
vulnerable to predation than F. tritici, and larvae could
be more vulnerable than adults because larvae move
less andmore slowly than adults (Sabelis andVanRijn
1997).

We conducted four experiments to test these hy-
potheses. The Þrst experiment was to determine the
dispersal from pepper ßowers of the adults and larvae
of F. occidentalis in the absence of O. insidiosus. A
second experiment was conducted to determine
whether O. insidiosus has a preference for adults or
larvae of F. occidentalis, and to determinewhether the
dispersal from pepper ßowers of the adults and larvae
changes in the presence of the predator. The third
experiment was to determine the dispersal among
pepper ßowers of the adult F. occidentalis and F. tritici
in the absence of O. insidiosus. A fourth experiment
was conducted to determine whether the dispersal of
F. occidentalis and F. tritici among pepper ßowers
changes in the presence of O. insidiosus, as well as to
determine whether O. insidiosus preys differentially
on these two common species.

Materials and Methods

Insect Colonies. O. insidiosus were reared in 12.5 �
12.5 � 4.5-cm plastic containers maintained in a
growth chamber at 28 � 1�C, 60% RH, and a photo-
period of 14:10 h (L:D). Container lids had a 3� 3-cm
opening coveredwith thrips screen (Bioquip, Rancho
Dominguez, CA). O. insidiosus were provided F. oc-
cidentalis and eggs of Helicoverpa zea (Boddie) (Lep-
idoptera: Noctuidae) as prey, and green bean pods
(Phaseolus vulgaris L.) as an oviposition substrate.
Waterwas provided, using a vial pluggedwith a cotton
dental wick.

Thrips were reared in containers similar to those
used forO. insidiosus.Greenbeanpodswere provided
as a food source and oviposition substrate. A thin
streak of honey was placed on bean pods to provide
additional nutrients. A 30-ml cup Þlled with damp
vermiculitewas added toprovide extramoisture in the
containers of F. tritici. Containers of the thrips were
kept in growth chambers maintained at 28 � 1�C, 60%
RH, and a photoperiod of 14:10 h (L:D). Cohortswere
staged to provide similarly aged insects for use in
experiments. Voucher specimens of all species are
deposited in the collections of the authors.

Newly opened (�12 h) pepper ßowers were ob-
tained from greenhouse-grown plants (ÔYolo Won-
derÕ) that were grown in 3.79-liter pots with a com-
mercial potting soil mixture. Each plant was treated
with 330 ml of a high phosphorous fertilizer (9-59-8
N-P-K, 1.14 g/liter; Ferti-Lome, Voluntary Purchas-
ing, Bonham, TX) twice per week to enhance bloom-
ing.

Experimental Protocols. Four experiments were
conducted. For each experiment, two densities of
thrips (10 and 20 total thrips) and two time exposures
(10 and34h)were tested, for a total of four treatments
per experiment. Each treatment in each experiment
was replicated 10 times. Experimental arenas were
maintained in growth chambers at 28�C, 60% RH, and
at 14:10 h (L:D).

In experiment 1, the dispersal from pepper ßowers
of the adults and larvaeofF. occidentalis in the absence
ofO. insidiosuswas determined.Arenas for these trials
were petri dishes (150 � 25 mm). Each petri dish
contained one water-Þlled vial for a pepper ßower,
located in the center of the arena.Thearena coverhad
a cap above the central ßower, where thrips were
released on the ßower. Arena covers had three open-
ings covered with thrips screen to provide ventilation
and to prevent condensation. Arenaswere sealedwith
paraÞlm to prevent insects from escaping.

At the beginning of each replicate, equal numbers
of second instar and adult female F. occidentalis were
collected from the colony with an aspirator and re-
leased through the cap onto the pepper ßower. At the
conclusion of each replicate, the ßower was collected
in a vial of 70% ethanol; thrips not in the ßower were
collected in a separate vial of ethanol. Numbers of
adults and larvae in each location (i.e., in ßower or
outside of ßower)were determinedby examination of
thrips with a stereomicroscope (�63).

In experiment 2, the dispersal from pepper ßowers
of the adults and larvae of F. occidentalis in the pres-
ence of the predator and the preference of O. insid-
iosus for adults and larvae of F. occidentalis were de-
termined. Arenas were conÞgured as in experiment 1.
Thrips and O. insidiosus were handled using the same
procedures as in experiment 1. Adults and second
instars of F. occidentaliswere released onto the ßower.
O. insidiosus were kept without prey for 20Ð24 h be-
fore being introduced into an arena. One hour later,
the O. insidiosus was released into the arena. Only
adult female O. insidiosus were used. Flowers and
thrips were collected, as described for experiment 1.
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At the conclusion of each replicate, the location of
thrips and their status (i.e., consumed byO. insidiosus
or not) were determined using a stereomicroscope
(�63).

In experiment 3, the dispersal among pepper ßow-
ers of the adult F. occidentalis and F. tritici in the
absence of O. insidiosus was determined. The arena
conÞguration was similar to that described for exper-
iment 1, except that each petri dish contained four
small water-Þlled vials for pepper ßowers, located on
the ßoor of the arena. One vial was located in the
center of the arena. The other three vials were each
placed 45 mm from the central ßower vial, with a 120�
arc between adjacent vials.

Thrips were handled and released using the same
procedures as in experiment 1. At the beginning of
each replicate, F. occidentalis and F. tritici were re-
leased through the caponto the central pepperßower.
At the endof each replicate, eachßowerwas collected
in a vial of 70% ethanol; thrips not in the ßowers were
collected in a separate vial of ethanol. Numbers of F.
occidentalis and F. tritici in each location (i.e., in each
ßower or outside of ßowers) were determined, as
described for experiment 1.

In experiment 4, the dispersal of the adult F. occi-
dentalis and F. tritici among pepper ßowers in the
presence of O. insidiosus and the preference of the
predator for adults of these two thrips species were
determined. Arena conÞguration, collection of ßow-
ers, and release of F. occidentalis and F. triticiwere the
sameasdescribed for experiment 3.Onehour after the
release of thrips, a female O. insidiosus was released
into the arena through an opening offset from any
ßower.O. insidiosuswere kept without prey for 20Ð24
h before being introduced into an arena. At the con-
clusion of each replicate, the location of thrips and
their status (i.e., consumed by O. insidiosus or not)
were determined.

Data Analysis. Log-linear models were Þtted to the
data for each experiment to analyze associations
among the variables (Schoenig andWilson 1992, Sokal
and Rohlf 1995). These analyses allow testing for dif-
ferences in the distribution of thrips and predation.
For each experiment, a hierarchy of models was
tested, starting with the fully saturated model, which
included all possible terms. Initial terms included in
themodelswere time, density, status (deador alive for
experiments 2 and 4), location (in or out of the ßower
of release), thrips type, and all possible interactions.
Because of strong time and density interactions, treat-
ments for each experiment were analyzed separately.

Therefore, saturated models for experiments 1 and 3
included the terms: status, location, thrips type, sta-
tus � location, status � thrips type, location � thrips
type, and status � location � thrips type. For exper-
iments 2 and 4, saturated models included the terms:
location, thrips type, and location � thrips type.

For each time and density combination of an ex-
periment, a saturated model with all possible interac-
tions was Þtted to the data Þrst, and then the signiÞ-
cance of each term, starting with the highest order
interaction, was analyzed by dropping that term from
the model and determining the Þt of the reduced
model. If higher order interactions were not signiÞ-
cant, lower order interactions were tested for signif-
icance. NonsigniÞcant interactions indicate that there
is no associationbetween theparticular variables. This
process of Þtting models continued until no more
terms could be dropped from a model. The resulting
model would be the Þnal model. Because the number
of thrips in each treatment was Þxed, this term was
included in all Þnal models. If particular interactions
are not signiÞcant (i.e., not retained in Þnal models),
it indicates that those variables are independent
(Sokal and Rohlf 1995). To test the distribution of
adults, contrasts were made between the proportions
in ßowers versus outside of ßowers, and between the
proportions in the central release ßower and the other
ßowers. All log-linear models for each experiment
werecomputedusingPROCCATMOD(SAS Institute
1989). In cases in which signiÞcant three-way inter-
actions were present, speciÞc two-way tests of inde-
pendenceweremade.Where appropriate,meanswith
95% conÞdence intervals are given.

Results

Dispersal of Adult and Second Instar F. occidentalis
in the Absence of O. insidiosus. The signiÞcant loca-
tion � life stage interactions indicate that the larvae
were more likely than the adults to disperse from the
ßower (Table 1; Fig. 1). After 10 h, �95% of adults
were in the ßower, whereas 28Ð43% of larvae were
located outside of the ßower. The proportion of larvae
exiting the ßower increased with time. At 34 h post-
release, over 80% of the larvae had moved out of the
ßower, but �22% of the adults were outside of the
ßower.

Dispersal of Adult and Second Instar F. occidentalis
in the Presence of O. insidiosus. There was a three-
way location � life stage � predation interaction in
the treatments in which F. occidentalis adults and lar-

Table 1. Maximum likelihood ANOVA for model parameters of prey type, and location for different densities and time exposures of
adult and second instar F. occidentalis in the absence of O. insidiosus

Effecta df
10 Insects/10 h 10 Insects/34 h 20 Insects/10 h 20 Insects/34 h

�2 P �2 P �2 P �2 P

Location 1 21.07 �0.0001 2.11 0.1467 37.33 �0.0001 3.45 0.0631
Life stage 1 4.77 0.0290 1.19 0.2755 11.91 0.0006 1.54 0.2145
Location � life stage 1 7.87 0.0050 38.49 �0.0001 26.46 �0.0001 69.39 �0.0001

a Location � in or out of the ßower. Life stage � adult or larvae of F. occidentalis.
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vae were exposed to O. insidiosus (Table 2; Fig. 2).
This interaction indicates that theassociationbetween
predation and location (inside or outside of the
ßower)dependedupon life stage(adultor immature).
SigniÞcantly more larvae than adults were outside of
the ßower, yet almost all of the predation (87Ð100% of
all predation) occurred within the ßower. The pro-
portion of the larvae that dispersed from the ßower
was similar in the 10-h exposures in the presence and
absence of O. insidiosus. However, the proportion of
the larvae dispersing from the ßower was reduced by
�50% in the 34-h exposure trials with O. insidiosus
compared with the 34-h trials without O. insidiosus,
most likely because predation on larvae had occurred
already in the ßower (Figs. 1 and 2). For all four time
and density combinations, predation was signiÞcantly
greater on larvae than on adults (P � 0.05, G tests for
independence; Fig. 2). At the low density of 10 thrips
per arena, the total number of larvae and adults that
were preyed upon increased substantially with time
(10-h exposure, 2.6 � 1.06; 34-h exposure, 5.3 � 1.89).
In contrast, at the higher density of thrips, the num-
bers of adults and larvaepreyedupon remainednearly
constant with time (10-h exposure, 5.1 � 1.96; 34-h
exposure, 5.3 � 1.89). Because the absolute numbers
of adults and larvae preyed upon in the two 34-h

exposure treatments were similar, but not in the two
10-h exposures, prey availability for O. insidiosus may
have been limited at the lower density.

Dispersal of F. occidentalis and F. tritici in the
Absence of O. insidiosus. In the two low-density treat-
ments, there were no signiÞcant species � location
interactions, indicating that the distributions of F. oc-
cidentalis and F. tritici among the pepper ßowers did
not differ signiÞcantly (Table 3; Fig. 3). There was a
signiÞcant location effect in both of the low-density
treatments (Table 3). This effect resulted from the
thrips being more likely to be in ßowers than outside
of the ßowers (contrast between inside ßowers and
outside of ßowers: �2 � 17.41, df � 1, P � 0.0001 for
10-h exposure; �2 � 6.47, df � 1, P � 0.01 for 34-h
exposure). Thrips were more likely to disperse out of
the central release ßower over time. There was a
signiÞcantly higher proportion of adult thrips in the
central release ßower than in the other ßowers in the
10-h exposure (contrast between central release
ßower and outer ßowers: �2 � 15.00, df � 1, P �
0.0001), but such a difference was not apparent in the
34-h exposure trial (�2 � 1.02, df� 1, P � 0.31). In the
10-h low-density exposure, the mean number of F.
occidentalis per ßower was 3.8 � 0.88 in the central
ßower compared with 0.3 � 0.29 (per ßower) in the

Fig. 1. Distribution of second instar and adult female F. occidentalis, at different densities and times after release onto
apepperßower, in the absenceofO. insidiosus. Thedifferentdensities and time intervals are (A)10 insects at 10-hpostrelease,
(B) 10 insects at 34-h postrelease, (C) 20 insects at 10-h postrelease, and (D) 20 insects at 34-h postrelease. Numbers above
bars are means.

Table 2. Maximum likelihood ANOVA for model parameters of predation, location, and life stage type for different densities and time
exposures of adult and second instar F. occidentalis to O. insidiosus

Effecta df
10 Insects/10 h 10 Insects/34 h 20 Insects/10 h 20 Insects/34 h

�2 P �2 P �2 P �2 P

Status 1 18.81 �0.0001 5.66 0.0173 33.49 �0.0001 40.79 �0.0001
Location 1 16.35 �0.0001 17.72 �0.0001 35.47 �0.0001 12.62 0.0004
Life stage 1 1.15 0.2826 2.05 0.1522 1.97 0.1602 0.05 0.8298
Predation � location 1 6.43 0.0112 19.95 �0.0001 11.24 0.0008 2.62 0.1058
Status � life stage 1 1.56 0.2122 3.44 0.0635 0.50 0.4775 12.91 0.0003
Location � life stage 1 1.93 0.1651 6.69 0.0097 0.88 0.3495 0.02 0.8901
Predation � location

� life stage
1 5.83 0.0150 8.47 0.0036 9.34 0.0022 7.69 0.0056

a Predation � alive or dead. Location � in or out of the ßower. Life stage � adult or larvae of F. occidentalis.
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three outer ßowers. The mean number of F. tritici per
ßower was 2.6 � 1.00 in the central ßower compared
with 0.6 � 0.33 in the three other ßowers. In the 34-h
exposure, the mean number of F. occidentalis per
ßower dropped to 2.3 � 0.83 in the central ßower
compared with 0.6 � 0.29 in the three outer ßowers.
Themeannumber of F. triticiper ßowerwas 1.2� 0.66
in the central ßower compared with 0.9 � 0.17 in the
three other ßowers.

In the two high-density treatments, there was a
signiÞcant species � location interaction, indicating
that the distributionwas dependent upon species (Ta-
ble 3; Fig. 3). F. tritici females were more likely than
F. occidentalis females to disperse from the central
release ßower in the 10-h exposure (contrast for in-
teraction between species and location either inside
or outside of ßowers: �2 � 5.62, df � 1, P � 0.018). In
the 34-h exposure, most of the thrips had dispersed
from the central release ßower (Fig. 3), with a greater
proportion of F. tritici than F. occidentalis having
moved outside of any ßower (contrast for interaction
between species and location either inside ßowers or
outside of ßowers: �2 � 15.45, df� 1, P � 0.0001). The
distribution of thripswas themost uniform in this time
and density combination. The mean number of F.
occidentalis per ßower was 2.7 � 1.07 in the central
ßower compared with 2.1 � 0.36 in the three outer
ßowers. The mean number of F. tritici per ßower was
1.6 � 1.08 in the central ßower compared with 1.73 �
0.37 (per ßower) in the three outer ßowers.

Dispersal of F. occidentalis and F. tritici in the
Presence of O. insidiosus. In the 10-h exposure trials,
there was no signiÞcant difference in predation by O.
insidiosus between the thrips species (Table 4; Fig. 4).
Predation occurred in all of the ßowers as well as
outside of the ßowers, but the mean number of prey
taken was only 0.3 � 0.34 for F. occidentalis (34% of
prey captured) and 0.6 � 0.90 for F. tritici (66% of
prey) in the 10-h low-density exposure. In the high-
density 10-h exposure trials, 57% of the prey captured
were F. tritici (1.3� 1.00) and 43%were F. occidentalis
(1.0 � 0.58). The distribution of species did vary in
both of the 10-h exposure treatments (Table 4). A
signiÞcantly greater proportion of F. tritici than F.
occidentalis was located outside of the ßowers in the
low-density 10-h exposure and in the high-density
10-h exposure (contrasts for interaction between spe-
cies and location either inside ßowers or outside of
ßowers: �2 � 10.46, df � 1, P � 0.0012, and �2 � 5.70,
df � 1, P � 0.017, respectively).

In the low-density 34-h exposure, most of the thrips
dispersed from the central release ßower to the other
ßowers (Fig. 4), butmost of the predation occurred in
the central ßower. The risk of predation was signiÞ-
cantly greater for thrips in the central ßower than in
the outer ßowers (contrast for interaction between
status and locationeither insidecentralßowerorouter
ßowers: �2 � 4.38, df � 1, P � 0.036). The majority of
the prey captured were F. tritici (80%) (Table 4). Of
the total prey killed, 50% were in the central ßower,

Fig. 2. Distribution and status of second instar and adult femaleF. occidentalis, at different densities and times after release
onto a pepper ßower, in the presence of O. insidiosus. The different densities and time intervals are (A) 10 insects at 10-h
postrelease, (B) 10 insects at 34-h postrelease, (C) 20 insects at 10-h postrelease, and (D) 20 insects at 34-h postrelease.
Numbers above bars are means.

Table 3. Maximum likelihood ANOVA for model parameters of prey type, and location for different densities and time exposures of
F. occidentalis and F. tritici in the absence of O. insidiosus

Effecta df
10 Insects/10 h 10 Insects/34 h 20 Insects/10 h 20 Insects/34 h

�2 P �2 P �2 P �2 P

Location 2 37.93 �0.0001 7.78 0.0204 13.38 0.0012 51.94 �0.0001
Species 1 0.04 0.8415 0.00 1.0000 0.19 0.6666 0.70 0.4016
Location � species 2 - - - - 9.20 0.0100 14.18 0.0008

a Location � in central ßower, or in other ßowers, or outside ßowers. Species � F. occidentalis or F. tritici. Effects without corresponding
statistical entries in table were not included in the Þnal model for the respective density and time treatment.
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30% were in the other ßowers, and 20% were outside
of the ßowers.

In the high-density 34-h exposure, the distributions
of F. occidentalis and F. tritici differed signiÞcantly
(Table 4; Fig. 4). The majority of both F. occidentalis
and F. tritici had dispersed from the release ßower. A
signiÞcantly greater proportionof the thrips outsideof
ßowers was F. tritici (contrast for interaction between
species and location either inside ßowers or outside of
ßowers: �2 � 28.33, df � 1, P � 0.0001). The risk of
predation did not differ between F. occidentalis and F.
tritici. The mean number of F. occidentalis preyed
upon was 2.7 � 1.61, and the mean number of F. tritici
preyed upon was 2.1 � 1.44. However, the risk of
predation was signiÞcantly lower for thrips in the
outer ßowers than for thrips in the central release
ßower (contrast for interaction between status and
location either inside central ßower or outer ßowers:
�2 � 5.03, df � 1, P � 0.025). This time and density
combination had the highest proportion of thrips out-
side of the ßowers and the greatest proportion of
predation occurring outside of the ßowers.

Discussion

In the current study, we examined the distribution
of different life stages of F. occidentalis, and of females
of F. occidentalis and F. tritici among pepper ßowers in

the absence and presence of the predator O. insidio-
sus.Both Frankliniella spp. andO. insidiosus aggregate
in pepper ßowers (Hansen et al. 2003), as well as the
ßowers of other host plants (e.g., Pickett et al. 1988,
Rosenheim et al. 1990, Atakan et al. 1996, Clements
and Yeargan 1997). Differences in the behavior of
larval and adult F. occidentalis, and in the behavior of
adult F. occidentalis and F. tritici females affected their
distributions, which consequently affected interac-
tions with the predator O. insidiosus. O. insidiosus
preferentially fed on larvae compared with adults.
There was no discernable preference of O. insidiosus
between the adults of F. occidentalis and F. tritici.Most
predation occurred in the ßowers. The predator ac-
tively searched among the ßowers for prey.

The predation levels were lower than those re-
ported in some other studies (Sabelis and Van Rijn
1997 and references therein; Venzon et al. 2000).
However, those studies used structurally simple en-
vironments, such as Þlter paper or leaf discs in con-
Þned arenas. In our experiments, we used ßowers to
simulate the structurally complex environments
where interactions between these thrips and O. in-
sidiosus occur in the Þeld. F. occidentalis and F. tritici,
as well as O. insidiosus, are strongly concentrated in
the ßowers of pepper (Hansen et al. 2003). Venzon et
al. (2000) showed that predation by O. laevigatus
(Fieber) on F. occidentalis larvae was lower in more

Fig. 3. Distribution of adult female F. occidentalis and F. tritici, at different densities and times after release onto a central
pepper ßower, in the absence ofO. insidiosus. The different densities and time intervals are (A) 10 insects at 10-h postrelease,
(B) 10 insects at 34-h postrelease, (C) 20 insects at 10-h postrelease, and (D) 20 insects at 34-h postrelease. Numbers above
bars are means.

Table 4. Maximum likelihood ANOVA for model parameters of predation, location, and species type for different densities and time
exposures of F. occidentalis and F. tritici to O. insidiosus

Effecta df
10 Insects/10 h 10 Insects/34 h 20 Insects/10 h 20 Insects/34 h

�2 P �2 P �2 P �2 P

Predation 1 45.21 �0.0001 29.97 �0.0001 84.76 �0.0001 33.10 �0.0001
Location 2 13.74 0.0010 2.70 0.2591 33.74 �0.0001 19.92 �0.0001
Species 1 0.48 0.4870 3.20 0.0737 1.70 0.1928 1.40 0.2361
Location � species 2 9.19 0.0101 5.84 0.0539 5.58 0.0614 28.17 �0.0001
Predation � species 1 - - 4.92 0.0265 - - - -
Predation � location 2 - - 6.44 0.0400 - - 8.57 �0.0001

a Predation � alive or dead. Location � in or out of the ßower. Species � F. occidentalis or F. tritici. Effects without corresponding statistical
entries in table were not included in the Þnal model for the respective density and time treatment.
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complex environments. Predation also was lower in
larger arenas, where thrips may escape from a pred-
ator (Isenhour and Yeargan 1981). The density of
thrips affected predation rates (Sabelis and Van Rijn
1997). At low prey densities, predators may spend
substantial amounts of time searching for more prof-
itable sites, which would further reduce predation
rates. O. insidiosus also feeds on pollen (Kiman and
Yeargan 1985). Having this alternative food source
may have reduced predation on thrips.

Adult andSecondInstarsofF.occidentalis.WhenO.
insidiosus was absent, signiÞcantly more second in-
stars than adults of F. occidentalis moved out of the
ßower, and the proportion of larvaemoving out of the
ßower increased dramatically with time. This move-
ment by larvae in the absence of predators may be a
function of their developmental stage. Second instars
stop feeding and leave theßower to pupate (Robb and
Parella 1991, Sabelis andVanRijn 1997).Under similar
experimental conditions, the duration of the second
instar for F. occidentalis is �3Ð4 d (Deangelis et al.
1993, Reitz et al. 2002). Therefore, by the end of the
34-h exposure period, the larvae would have been
nearingpupation, and thus increasing the likelihood to
leave the ßower. Thrips larvae and adults also may
have moved in search of new food resources (Kirk
1997), in which case adults would be better able to
return to the available ßower in the experimental
arena than larvae.

We observed similar dispersal from the ßowers of
pepper when the predator O. insidiosus was present.
Although the number of thrips was reduced by pre-
dation,�50%of the live larvaewere located outside of
the ßower. In addition to the developmental and for-
aging factors, this movement also may have been in
response to predation. Second instars of F. occidentalis
release an alarm pheromone when attacked by O.
insidiosus, which can induce conspeciÞc larvae to dis-
perse (Teerling et al. 1993). F. occidentalis will move
away from predators that have recently fed on thrips
(Venzonet al. 2000).Theproportionsof adults outside
of the ßower increased when O. insidiosus was

present, which further suggests that dispersal was in
response to the presence of the predator.

Although larvae were more likely than adults to
disperse from the ßower, O. insidiosus preyed upon
more larvae. A key factor in prey selection is the
vulnerability of prey (Lang and Gsödl 2001). Because
thrips larvaemove slower thanadults, larvae shouldbe
more vulnerable to predation (Sabelis and Van Rijn
1997, van den Meiracker and Sabelis 1999). Isenhour
and Yeargan (1981) showed in no-choice tests thatO.
insidiosus killed more larvae than adults of soybean
thrips, Neohydatothrips variabilis (Beach). Likewise,
predation by O. minutus (L.) is greater against F.
occidentalis larvae than adults (Lichtenauer and Sell
1993).

At the low density of 10 thrips per arena, predation
reduced thenumberof larvae available over time.This
lower availability of larvae probably forced O. insid-
iosus to preymore on the adults. The absolute amount
of predation by O. insidiosus was twice as much in
high-density treatments as in the low-density treat-
ments. However, as time increased at a high density of
prey, numbers of larvae and adults killed by O. insid-
iosus remained similar, suggesting that O. insidiosus
became satiated.

F. occidentalis and F. tritici. When O. insidiosus
were absent, F. tritici dispersed from the ßower more
than F. occidentalis. F. occidentaliswere more likely to
be in the ßowers, especially the central release ßower.
F. triticiweremore active, and theydispersed from the
central ßower more than F. occidentalis. These results
corroborate theÞndingsofHansenet al. (2003), show-
ing that F. tritici ismore active than F. occidentalis, and
of Ramachandran et al. (2001), who suggested that F.
tritici is more active than is F. occidentalis. The chang-
ing densities among ßowers over time indicate that
adults of both species will move, possibly to locate
additional feeding or oviposition sites.

The presence of O. insidiosus caused a behavioral
change in both thrips species. When O. insidiosus was
present, F. tritici and F. occidentalis were more likely
to disperse from the central ßower to the other loca-

Fig. 4. Distribution and status of adult female F. occidentalis and F. tritici, at different densities and times after release
onto a central pepper ßower, in the presence of O. insidiosus. The different densities and time intervals are (A) 10 insects
at 10-h postrelease, (B) 10 insects at 34-h postrelease, (C) 20 insects at 10-h postrelease, and (D) 20 insects at 34-h postrelease.
Numbers above bars are means.
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tions. F. occidentalis were more active when O. insid-
iosus was present than when it was not present. The
increased activity suggests that the adults of F. occi-
dentalis and F. tritici were able to detect the presence
of O. insidiosus and disperse in attempts to avoid pre-
dation. O. insidiosus may have been attracted Þrst to
thecentral releaseßowerbecauseof thehighdensities
of thrips initially located there. However, predation
occurred in all of the ßowers and outside of the ßow-
ers, indicating that O. insidiosus also moved readily
among ßowers.

The movement of O. insidiosus and F. tritici in the
arena actually may have increased the chances of
encounters compared with encounters between O.
insidiosus and themore sedentary F. occidentalis. If so,
we may expect overall predation to be greater against
F. tritici.However, thiswas thecase inonly the34h/10
thrips/time and density combination. Encounter rate
is a determinant of risk of predation, but greater suc-
cess in attacks may counterbalance differences in en-
counters, leading to similar preferences for different
prey (Allan et al. 1987, Reitz et al. 2002).

Many factors are involved in how O. insidiosus
chooses prey, and these factors include the type, den-
sity, vulnerability, and mobility of a prey. In the cur-
rent study, O. insidiosus successfully preyed on all
types of prey that were offered, although it dealt
differently with each type of prey. From a population
dynamics perspective, the ability of O. insidiosus to
capture different species and developmental stages of
thrips is an important factor in its ability to regulate
thrips populations (Funderburk et al. 2000, Ram-
achandran et al. 2001).
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